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HYDROLOGY STUDY OF THE KONGOR AREA 
- Preliminary report  - 
In  a l e t t e r  of the 13rd February, 1980, the Office f o r  Pro jec ts  
Execution (OPE) of the United. Nations Development Programe (UNDP) asked 
the Hydrology Department of the Office de l a  Recherche Scient i f ique e t  Tech- 
nique (ORSTOM) i n  France t o  undertake an hydrology study of the KONGOR area 
s i t ua t ed  i n  the south of the Sudan i n  the r i g h t  bank of the WHITE N I L E  (Bahr 
e l  J ebe l ) .  
This study aimed a t  defining the shape of the water leve l  curve and 
the ro l e  played by. the flood of the WHITE NILF: i n  the zone l i a b l e  t o  inunda- 
t i on  and s i tua t ed  west of KONGOR ; thus making i t  easy t o  Set-up a system of 
dikes which would reduce the area flooded by the NILE. ’  
This study which was undertaken by $Ir Jacques CALLEDE, an hydrologi- 
c a l  engineer, was based on : 
- measurements of the water l eve l  and r a i n f a l l  through s a t e l l i t e  te- 
lemetry, 
- remote sensing techniques (LANDSAT s a t e l l i t e )  and a photo recon- 
naissance i n  high water, 
- i s o t o p i c  analyses of water i n  order t o  determine the nature  ( ra in-  
f a l l  o r  NILE) of  water i n  the flooded zone. 
For t h i s  purpose, J. CALLEDE accomplished two expeditions i n  the Su- 
dan : 
- the f i r s t  one which took place from-March 30th t o  A p r i l  26th 1980 
aimed a t  s e t t i n g  up the telemetry network and taking samples of water i n  or- 
der t o  make the i so top ic  ana lys i s .  
- the second’one which took place from October 20th t o  November 3rd,  7 
1980 consisted of an a i r  reconnaissance during which a e r i a l  photographs were ’ 
taken . I 
The object  of t h i s  report  i s  t o  give b r i e f l y  the f i r s t  conclusions 
of t h i s  work. 
- 2 -  
1 - PROGRESS OF THE STUDY 
1 . 1  - Results of the Telemetry network 
Telemetry makes use of the ARGOS system whose messages are  in- 
tercepted a t  Toulouse (France) and are  sent  by Telex t o  P a r i s  through the 
Global Transmission System (GTS) . Moreover, once a month, the ARGOS system 
sent  us a tape f i l e  containing a l l  the messages which were intercepted du- 
r ing tha t  per iod.  
There are  three s t a t ions  : 
- at  PENGKRO (50 km e a s t  of BOR) , the  s t a t i o n  was set  up on 
A p r i l  18th 1980 and i t s  geographic coordinates are  l a t i t u d e  06'17' North 
and longitude 032'00' East .  
- a t  KONGOR (6km w e s t  of KONGOR) , the  s t a t i o n  was s e t  up on 
A p r i l  15tk 1980 and i t s  geographic coordinates a re  l a t i t u d e  07'08' Forth and 
longitude 03 1 1 7 ' East.  
- a t  DUE= FAIFTILL, the s t a t i o n  was set up on April  16th 198C! 
and i t s  geographic coordinates are l a t i t u d e  07'30' North and longitude 031" 
31' East .  
Transr iss ion was achieved u n t i l  necenber 15th 1980 when da ta  
processing ~7as de l ibera te ly  stopped a t  Toulouse. Unfortunately, i t  should 
f>e coted t h a t  t5e s t a t i o n  a t  KONGOR stopped t ransmit t ing from. July 17th 
and could not  be put again under operation because no hoat was  avai lable  t o  
go there during the flooding period. 
495 1 Eessages were t ransrr i t ted,  wkich represents 495 1 values of 
the water l e v e l  i n  the p l a in  and 4951 values of r a i n f a l l .  
Theoret ical ly ,  w e  had t o  receive 7,5 nessages per  day on an 
average (value given by the ARGOS system). In  f a c t ,  we  receive2 8,6 of ther ,  
t h a t  i s  t o  say 15 % more. A few aberrant Kessages had t o  be e l i r h a t e d  becau- 
se  they were tr.ansmitted under 3ad conditions ( the  satel l i te  was very low 
on the horizon) .  However, the r a t e  of accurate transmission i s  very good 
anounting to  98,9 %, which shorn t h a t  the r a t e  of  da ta  gathering amounted t o  
114 Z i n  r e l a t i o n  t o  the standards of the ARGOS systeo.  
- 
1.2 - Air reconnaissance and renote sensing 
' 
An a i r  reconnaissance had Seen planned accapanied  by photo- 
graphs which were taken obliquely.  For t h i s  purpose, we worked with an hand 
mount which nade i t  possible t o  take photographs of the sa re  zone using si- 
ml taneous ly  two cawras  24x36. One camera was loaded with a fi lo! Kodachrore, 
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Although I planned t o  use the a i r c r a f t  Cessna 206 of the C C I  
Coqany i n  order  to  perform t h i s  work as soon as x&d-June, a succession of 
unlucky events prevented me from using i t .  Therefore, my work consisted i n  
f ly ing  over the p l a in ' o f  BONGOR ( a t  too high an a l t i t u d e )  when going from 
KHARTOUM t o  JUBA ( i n  a bi-motored Cessna 402 with 1017 wings) and back ( i n  
a bi-motored De Haviland TEEN OTTOR with high wings). Ve could realize the 
magnitude of the flooding i n  the p l a in  and take a series of photographs 
through the hatches of the a i r c r a f t s .  If the Cessna 206 had been used as 
planned, t he  work should have been car r ied  out  at an a l t i t u d e  of 3000 to 
6000 f e e t  and through an open hatch because phbtographs w e r e  taken with an 
in f ra red  f i l m .  
' 
UNDP/OPE sen t  us three photographs of the p l a in  which were ta- 
ken by LANDSAT s a t e l l i t e  i n  1979 respec t ive ly  in'March, May and October. 
These photographs are  d i g i t a l  and appear i n  magnetic tapes 1/2". 
These tapes w i l l  be analysed i n  February 1981 but  the photo- 
graphs themselves give already useful  data .  It i s  t o  be pointed out t ha t  re- 
mote sensing w i l l  be used i n  cooperation with the FAO Remote Sensing Office 
i n  Rome. For instance,  M r  TANGERAAR, Remote sensing o f f i c e r  must send us. 
three panchromatic photographs SSB of the KONGOR a rea  a t  the sca le  of 
II250 000. 
1.3 - I so topic  analyses 
About 90 samples were col lected a t  : 
- BOR (samples i n  the N I L E  waters) 
- PONGJCO ( r a i n f a l l  and water i n  di tches)  
- KONGOR ( r a i n f a l l  and water i n  the  zone flooded by the NILE). 
These i so top ic  analyses are  i n  progress. 
1.4 - Bibliography and'Data gathering 
The UNDP/OPE was supposed t o  provide us with : 
-avai lable  a e r i a l  photographs of the region, 
-hydrometric da ta  o f  the N I L E  i n  BOR (o r  v i c i n i t y )  and KONGOR, 
-monthly pluviometric data of the KONGOR area.  
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A meeting about t h i s  question w a s  held between Mr CALLEDE, 
M r  BOS ( ILACO) , Y! HYLAND (UNDP) and M r  YATH (Jonglei  Executive Organism) 
as soon as I ar r ived  a t  KHARTOUM on April  Ist  1980. The r e s u l t  of t h i s  mee- 
t i ng  w a s  the production of a technical  publ icat ion ILACO containing a few 
hydrometeorological da ta  previous t o  1977 but  no a e r i a l  photographs. Up t o  
now, I could ge t  ne i the r  the water l eve l  of the N I L E  nor  pluviometric data.  
On the  o ther  hand, despi te  the statements made by some experts 
of the Jonglei  Executive Organism, i t  seems tha t  the BOR S t r eam gauging s ta -  
t i o n  has disappeared from i t s  old s i te  s ince 1975 and i n  October 1980, there  
was  no s t a t i o n  i n  the new s i t e  (25m upstream or downstream from the pumping 
s t a t i o n ) .  
We asked unsuccessfully M r  G. BOS (ILACO - Netherlands) t o  send 
us the technieal  publ tcat ions which are l i k e l y  t o  help us i n  our work. 
Fina l ly ,  thanks t o  M r  H. GRUTZMACHER, Director  of the PENKGRO 
P i l o t  Pro jec t  i n  BOR and h i s  assistant, M r  R.J .  ROWBOTTON, w e  could consult  
a ce r t a in  number of records and above a l l ,  the r e s u l t s  of measurements (in- 
f i l t r a t i o n ,  evapotranspiration and creeping flood) which were made i n  the  
area of t h i s  Project .  
2 - DATA INTERPRETATION. HYDROLOGY I N  THE KONGOR PLAIN 
The following t e x t  gives a f i r s t  idea  of hydrology i n  the  KONGOR 
p la in .  W e  w i l l  give a b r i e f  summary of the physical environment and we  w i l l  
analyse the flow i n  the zone s i t u a t e d  east of the dyke which pro tec ts  the  . 
p la in  against  the N I L E  f lood. Final ly ,  we w i l l  study the flooding of the wes- 
tem zone by the N I L E  waters.  
2.1 - The physical environment 
The KONGOR p l a in  i s  almost f l a t  wi'thout any marked thalweg or 
surface water divide.  The longi tudinal  slope amounts t o  IOcm/km (O,] ' / o 0 0  
while the cross s lope i s  almost equal t o  zero (accordi'ng t o  the topographi- 
cal records found i n  the ILACO r epor t ) .  
Soi l s  are p rac t i ca l ly  impervious : the  water l eve l s  which were 
transmitted at the end of the rainy season show a decrease i n  the  l eve l  ran- 
' ging from 5 t o  8,7cm a day. Given the  r a t e  of evaporation, losses  by i n f i l -  
-8 - 1  t r a t i o n  range from 2 t o  4m a day (2  t o  4 .  IO m:s ),- which i s  really typi-  
c a l  of an impervious s o i l .  Moreover, i 'nhabitants s t o r e  water i n  holes which 
are dug r i g h t  i n  the  s o i l  ("hafi'rs") during the dry season. We observed t h i s  
c 
I . 











- NOVEMBER ' 
P E N G K O  TELEMETRY STATION 
*- DECEMBER- 
- 
DROP IN WATER LEVEL 
AFTER R A I N Y  S E A S O N  
Annex 2 
5 "/day 





iò 25. 3 b  1 5 10 1'5 Days 
P 
- 5 -  
phenomenon i n  April  1980 when water began t o  be pumped i n  the UNDP camp at 
KONGOR : people l i v i n g  in  the  v i c i n i t y  came and took water f o r  them and t h e i r  
c a t t l e  and began t o  d ig  holes of'  30cm i n  depth and 2m i n  diameter. We obser- 
ved t h a t ,  when f i l l e d  with water, these holes kept t h e i r  water and the  de- 
crease i n  the  level was p r a c t i c a l l y  equal t o  zero (during the n ight ) .  
2 . 2  - Pluviometric da ta  
According to  the  avai lable  da ta ,  the annual r a i n f a l l  amount t o  
903m at Bor, while they amount t o  924mm a t  KONGOR. They are low values com- 
pared t o  those which are p.revailing far i n  the west and a t  the same l a t i t u d e  : 
YALINGA (si tu.ated at 900km) = 156hm 
BRIA ( s i t ua t ed  a t  1020km) = 1584" 
CRAWEL ( s i tua t ed  a t  1350km)= 1326m 
This s i t u a t i o n  can be accounted f o r  by the f a c t  tha t  the water- 
shed divide CONGO/NILE delays the a r r i v a l  of the humid monsoon from the Gulf 
of Guinea. But the most l i k e l y  explanation l i e s  i n  the f a c t  tha t  the inner  
d e l t a  of the WHITE N I L E  (which includes the KONGOR p la in)  i s  a pr ivi leged 
zone as f a r  as the formation of storm l i n e s  i s  concerned. These l i n e s  whose 
or ien ta t ion  i s  North-South move from the East t o  the  West and are  found i n  
Central and Western Africa. They give r i s e  not t o  the  h ighes t  point  r a i n f a l l  
bu t  t o  the h ighes t  flows of r a i n  water over a region, which i s  revealed by 
the ten-yeapfrequency 
documents. This value i s  s i lni lar  t o  those observed i n  the three ahove-men- 
t ioned s t a t i o n s  i n  Central African Republic. Teletransmission of r a i n f a l l  al- 
r a i n f a l l  amounting t o  103" according t o  the same 
. 
s o  shows t h a t  the space d i s t r ibu t ion  from one s t a t i o n  t o  the  other  i s  gover- 
ned only by random. F ina l ly ,  th;s hypothesis concerning the genesis of storm 
l i n e s  i s  corroborated by, inves t iga t lons  which were macle with Sudanese meteo- 
rologis  ts , a l r c ra f  t p i l o t s  and various organisms. 
The f irst  conclusion i s  t h a t  the bui lding of the  JONGLE1 Chan- 
n e l  may reduce the area and the  m a s s  of water which, when evaporating, gave 
rise t o  storm l ines .  This phenomenon can have unfortunate consequences f o r  
the African countr ies  s i t u a t e d  west of the Sudan. 
2 . 3  - Evapotranspiration 
The measurements which were made on the  "class A" evaporation 
pan of the PENGKRO P i l o t  Pro jec t  show an evaporation amounting t o  about 
2050" .  Although these measurements can be underestimated (owing t o  a ne t t i ng  
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with too. f i n e  meshes whose purpose i s  t o  pro tec t  the  pan against  b i rds )  , we 
obtain a po ten t i a l  evapotranspiration amounting t o  about 1500”, a f t e r  pan 
coef f ic ien ts  have been applied. This value is similar t o  t h i s  observed f a r  
i n  the West, which i s  corroborated by the empirical r e l a t i o n  between poten- 
t i a l  evapotranspiration and the  monthly average m ~ m u m  temperature which 
w a s  defined by RIOU as f a r  as Africa i s  concerned. 
I n  the  KONGOR p l a in ,  we can accept a po ten t i a l  evapotranspira- 
t i on  ranging from 3mm/day (from June t o  August) t o  5mm/day (from January t o  
March). 
2.4 - Hydrology of the zone s i tua t ed  east of the  dike which pro tec ts  
i t  against  the N I L E  f lood 
The r a i n  flow can be compared t o  a v e r t i c a l  appl icat ion of wa- 
t e r  on a sheet  steel  which i s  p rac t i ca l ly  horizontal .  Water w i l l  s tagnate  on 
t h i s  sheet  or w i l l  flow out using the  surface micro-thalwegs. 
Rain which i s  f a l l i n g  on the  ground i s  represented by the fo l -  
lowing equation : 
where 
Rs = r a i n  on the ground 
R = r a i n  f a l l i n g  from clouds (measured by r a i n  gauge) 
1 = in te rcept ion  by p lan ts  
r = draining of leaves 
Small ponds, holes  and other  depressions are f i l l e d  up with 
t 
water o r  go on f i l l i n g  up under the act ion of R . Losses by evapotranspira- 
t i o n  (Ev) and i n f i l t r a t i o n  ( I t )  w i l l  day after day reduce S which i s  the  s to-  
rage volume applied t o  a zone. 
S 
This ‘volume S ge t s  an upper value (Smax) beyond which there  w i l l  
’ be runoff i n  o ther  mini-thalwegs and formation of a surface flow ca l l ed  cree- 
ping flood. 
We w i l l  ge t  a f l o w  i f  : 
IC-I + r + S  >Smax 
The d i f f i c u l t  observation of the  creeping f lood l i e s  i n  the 
- 
t 
f a c t  t h a t  : 
- r a i n f a l l  are d i s t r ibu ted  i n  space at random, 
- i t  i s  d i f f i c u l t  t o  evaluate the s torage v o i m e  over a zone, 
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- the p r e f e r e n t i a l  channels of the creeping flood are badly .  
defined. 
Some measurements which were made by R.J.  ROIJBOTTON show wa- 
ter  speeds amounting t o  0,l m.s  as f a r  as the creeping flood i s  concer- 
ned. The thickness of the r a i n f a l l  excess can e a s i l y  reach 30cm. Then, t h i s  
. - 1  
flow without any recharge spreads i n  the p l a in  and w i l l  be absorbed more o r  
less quickly by evapotranspiration. M r  R.J.  ROWBOTTON a l so  set  up a runoff 
p lo t  with an area amounting t o  1,3 ha  on which he measured the runoff volu- 
me. Therefore , the  runoff coe f f i c i en t  ( t h a t  i s  t o  say the proportion of cree- 
ping flood) ranges from 10 t o  6 4  % according t o  the  conditions of surface 
storage.  We must point  ou t  t h a t  the measurements r e f e r  t o  only s ix  rainy pe- 
r iods ( therefore  i t  i s  not  a very representa t ive  sample) and t h a t  the  year 
1980 was not very p r o l i f i c  as f a r  as the creeping f lood i s  concerned. 
I n  October 1980, the KONGOR p l a in  w i t h  o r  without any creeping 
. 
flood w a s  submerged i n  numerous places  where the ground i s  s i tua t ed  about 
ten centimetres below the normal level. The inhabi ted zones where country- 
men know t h a t  water w i l l  not reach them (pro tec t ive  dykes are b u i l t )  a re  
the only t o  emerge. 
There i s  no doubt about the nature of water : i t  i s  r a i n  and 
only ra in .  It seems t h a t  a possible  water supply by the  NILE i s  not  very re- 
a l i s t i c ,  despi te  the f a c t  t h a t  f i s h e s  are caught i n  ponds as soon as ra in-  
f a l l  appear. A s  a matter  of f a c t ,  there  are  here l i k e  i n  the Chad basin 
f i shes  belonging t o  the species  "Lepidosirenidae" and the  genus "Protopterus. 
aethiopicus" (Dipneusti) which succeed i n  hibernat ing i n  the  s o i l  of dr ied  
up ponds during the dry season and ge t  a half  aquat ic  and ha l f  a e r i a l  respi- .  
ra tory  system. Moreover, no f i s h  w a s  caught i n  the d i tches  of PENKGRO. 
This hydrological balance corroborates the  following hypothe- 
sis  : r a i n f a l l  amounting to  900" from May t o  October a re  absorbed by i n f i l -  
t r a t i o n  and evapotranspirat ion from May t o  January, t ha t  i s  t o  say within 
9 months (o r  270 days), which represents  a t o t a l  ( i n f i l t r a t i o n  + evapotrans- 
p i r a t ion )  of 9 0 0 " / 2 7 0  = 3,3mm, being thus an e n t i r e l y  adequate value i n  re- 
l a t i o n  t o  what was mentioned above. . 
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2.5 Hydrology of the western zone 
When r a i n  begins t o  f a l l ,  i t  i s  the  same problem, which w a s  corro- 
borated by transmissions from the s t a t i o n  at KONGOR ( u n t i l  the  f a i l u r e  which 
occurred on July 17th). 
As the  N I E  i s  overflowing, the flooding of our zone by r a i n f a l l  i s  
increased by a flooding from the N I L E .  .It  seems t h a t  t h e  NILE flooding i s  
' preva i l ing  and govems the  maximum water l eve l  i n  t h i s  zone. 
' 
On the  o ther  hand, i t  seem r a t h e r  unl ikely t h a t  the hydrological 
regime has suf fered  modifications s ince  1961. In  fact ,  1961 i s  the year  when 
floods were observed with a fifty-year-frequency, 
c i a l l y  of the Ubangi (BANGUI) , Congo (Brazzaville) and the Chari (N'Djamena). 
The r o l e  of the regulat ion dam which i s  s i t u a t e d  on the  N I L E  downstream from 
Lake Vic tor ia  must be considered. 
Such i s  the  case, espe- 
Currently,  i t  is not  possible  t o  e s t a b l i s h  a cor re la t ion  between 
the  l eve l  of the  N I L E  ( a t  which s t a t i o n  ?) and the l e v e l  of the flooding be- 
cause w e  get  no measurement. 
As soon as w e  returned t o  France, i n  November J980, we sent  three 
s tage  gauges a t  KONGOR (UNDP/OPE) so  tha t  the l eve l  1980 could be i d e n t i f i e d  
and an approximate evaluat ion of the l eve l  i n  the previous years could be 
made by asking questioris t o  the countrynìer?. This method along with the know- 
ledge acquired about the  N I L E  f lood should make i t  possible  t o  define the 
l eve l  of the ten-year-frequency 
flood a t  the foo t  of the dyke. 
f lood  or  , may be , the f i f  ty-year-frequency 
Here, water r e s u l t s  from r a i n f a l l  and the  river. Remote sensing 
and, e spec ia l ly ,  the i so top ic  analysis  shou1.d give some valuable inf  o m t i o n .  
3 - SUGGESTIONS FOR FURTHER STUDY 
The r e s u l t s  of measurements which Were made i n  1980 correspond t o  
what was  expected, so i t  seems a p r i o r i  useless  t o  undertake a second series 
of measurements. 
Nevertheless,  a c e r t a i n  number of new s tudies  must be achieved.or - 
avoided. 
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3 . 1  - Studies which must be avoided 
The Deft Hydraulic Laboratory intends t o  study through tele- 
transmission the  cross backwater curve of the N I L E  between i t s  major bed and 
the  dike a t  KONGOR. 
On t h e  one hand, i t  i s  necessary for t h i s  work t o  know the ba- 
se l eve l  whose evaluation must be b e t t e r  than the  centimetre i n  each s t a t i o n  
(which i s  disff icul t  over a dis tance of near ly  40km between the dike and the  
major  bed). Then the  sensor must be more accurate than the  centimetre, which 
i s  not the  case. F ina l ly ,  given the in s ign i f i can t  value of the cross s lope,  
the results w i l l  never be s ign i f i can t  and w i l l  be i n  no way consis tent  with 
the  expenses incurred.  
J 
3 .2  - Studies which must be undertaken 
Nearly a l l  the works must be performed either by the UNDP/OPE/ 
PISU or  by the  s t a t i o n  of the PENGKRO P i l o t  Pro jec t .  The d i f f e ren t  s tud ies  
which must be undertaken are  the following ones 
I 
: 
3.2.1 - t o  t r y  t o  know, i n  r e l a t i o n  t o  an a r b i t r a r y  l e v e l ,  the  
d i f f e r e n t  l e v e l s  of t he  flooding west of t he  dyke, which involves the know- 
ledge of the maximum value of the  N I U  f lood (BOR, JONGLEI, etc).  Such a 
work can be performed by UNDP/OPE/PISU. 
' 3.2.2 - t o  go on making measurements on runoff p l o t s  and t o  
improve them through the i n s t a l l a t i o n  of a r a i n f a l l  recorder and a flume 
(with water l e v e l  recorder) . 
3.2.3 - t o  go on making observations on the creeping f lood 
w i t h ,  i f  poss ib le ,  a few water l eve l  recorders and a raingauge network. It 
w i l l  be e s s e n t i a l  t o  evaluate  the  speed of water. 
3.2-4 - t o  study the influence of the  Jonglei  Channel on the  
genesis of stormlines.  The points3.2.2 and 3.2.3 could be performed by t he  
PENGKRO P i lo t tP ro jec t .  The point  3.2.4 requires the pa r t i c ipa t ion  of a meteo- 
r o l o g i s t  who would be a s p e c i a l i s t  i n  the question, such as M r  H.DHONNEUR, 
Engineer i n  the  French Météorologie Nationale. The sa te l l i t e  telemetry sta- 
t ions could be e i t h e r  used again i n  the KONGOR p l a in  (measurement of the floo- 
ding along the  dyke and measurement of the creeping flood) o r  used i n  the  hy- 
drometric Sudanese network or  elsewhere. 
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